proposed by Pescador and Peters (1980) . The cladistic analysis of the Australian leptophlebiid genera supported the monophyly of the Meridialaris and Nousia lineages, but not the monophyly of the Hapsiphlebia lineage. The analysis of Christidis (2001) was unable to resolve the affinities of Neboissophlebia, Bibulmena and Loamaggalangta, or the phylogenetic position of Garinjuga (Penaphlebia lineage).
The analysis presented in this paper builds on the work of Christidis (2001) with the addition of new morphological characters, a newly described genus from Australia, as well as the addition of selected genera from South America and New Zealand, to further test the monophyly of the Meridialaris lineage and the higher-level relationships proposed by Pescador and Peters (1980) .
Methods

Taxa
Representative species of sixteen of the seventeen genera described from Australia were included, along with two undescribed species, 'WT sp. 1' and 'WT sp. 2', believed to belong to two new genera ( Table 1) . The Australian monotypic genus Thraulophlebia was omitted from the present study because no specimens of the type species, Thraulophlebia lucida (Ulmer), could be obtained. Selected genera from New Zealand (Atalophlebioides, Deleatidium, Austroclima and Mauiulus) and South America (Meridialaris) were also included in the analysis to test the higher-level relationships within the group and the monophyly of the Meridialaris lineage.
Morphological characters
Morphological characters were obtained from examination of nymphal and adult material, and from the literature (Table 1) . Nymphal characters were scored from various body regions including the mouthparts, thorax, abdomen and legs. Adult characters were scored from the hind wings, male genitalia and female abdomen. In total, 43 characters were obtained, 27 of which were binary and 16 were multistate. Characters and character states used in the analysis are listed Table 2 . The data matrix is given in Table 3 and is also available as an Accessory Publication on the Invertebrate Systematics website. The terminology used in this study follows that of Edmunds et al. (1976) . Morphological characters identified by other systematists as phylogenetically informative (particularly Pescador and Peters 1980; and Peters 1980, 1996) were included in the matrix. Adults and nymphs of undescribed species were associated by rearing.
Phylogenetic analyses
Cladistic analyses were performed using PAUP* version 4.0b10 (Swofford 2002) . The branch-and-bound search option was used, with characters treated as unordered and equally weighted. Two representative species from the subfamily Leptophlebiinae, Leptophlebia cupida (Say) and Leptophlebia marginata (Linn.), were used as the outgroup. Bootstrap analysis (1000 randomisations, full heuristic search, simple addition, tree bisection reconnection (TBR) branch swapping) was used to assess support for each node of the tree (Felsenstein 1985; Hillis and Bull 1993) .
Results
Cladistic analysis resulted in two most parsimonious trees, each with a length of 113 steps, a consistency index (CI) of 0.5575 and a retention index (RI) of 0.8031. The two trees shown in Fig. 2 differ only in the placement of Austrophlebioides, Meridialaris and Tillyardophlebia. In the strict consensus tree (Fig. 3) 
Discussion
The outcomes from the parsimony analysis are largely consistent with the higher-level relationships previously proposed by Pescador and Peters (1980) . The only point of conflict between their phylogeny and the findings of the present study is the monophyly of the Hapsiphlebia lineage. Although the basal position of genera assigned to the Hapsiphlebia lineage (Kalbaybaria, Atalophlebia, Atalomicria, Ulmerophlebia and Jappa) was supported by the parsimony analysis, these genera did not form a monophyletic group. Two derived character states were given by Pescador and Peters (1980) in support for the monophyly of the Hapsiphlebia lineage: (i) the presence of subapical denticles on the outer incisor of the right mandible (character 9); and (ii) prominent lateral setae on the abdominal terga of the nymph (character 29). In this study, a reduction or absence of ventral teeth on the tarsal claw of the nymph (character 26) was also observed among genera of the Hapsiphlebia lineage, but this feature is not unique to this group, having also occurred in Neboissophlebia, Bibulmena, Loamaggalangta and Kaninga (Dean et al. 1999) . Even though these possible synapomorphies were included in the present analysis, the Phylogeny of Australian Leptophlebiidae Peters and Edmunds (1970) N, nymph; F, female imago; M, male imago. Pescador and Peters (1980) and Peters (1980, 1996) Hapsiphlebia lineage was not recovered as a monophyletic group, but instead appears to be a paraphyletic grade.
Relationships among the genera previously assigned to the Hapsiphlebia lineage were poorly supported, except for the sister-group relationship between Jappa and Ulmerophlebia. These two genera are closely related and morphologically very similar. The major difference between the nymphs of these genera is the presence of large frontal horns in Jappa. The many similarities of the nymphs and adults of the two genera have previously been discussed by Tsui and Peters (1975) and Suter (1986) . Tsui and Peters (1975) also speculated that Jappa may have evolved from an Ulmerophlebia-like ancestor.
Kalbaybaria, placed as the sister-group to all other ingroup taxa, has many character states not shared by any of the other ingroup genera. The anterior margin of the labrum lacks denticles (character 4) and the setae on the dorsal surface are scattered rather than organised into distinct rows (character 7). Subapical pectinate setae are absent from the galea-lacinia of the maxilla (character 18), the second segment of the labial palp is elbow shaped and the third segment bears elongated setae. Campbell (1993) commented on the similarity of the nymphal gills and shape of the penes of Kalbaybaria to those of some species of Atalophlebia. However, these genera did not group together in the present study, instead Atalophlebia was placed as sister to Atalomicria, although this relationship was poorly supported.
The placement of Neboissophlebia, Bibulmena, Loamaggalangta and Kaninga at the base of a large clade containing all other ingroup genera except those of the Hapsiphlebia grade was strongly supported, and is in agreement with discussions of the phylogenetic affinities of these genera by Dean (1987 Dean ( , 1988 Dean ( , 2000 and Dean et al. (1999) . Neboissophlebia, Bibulmena, Loamaggalangta and Kaninga differ from the genera of the Hapsiphlebia grade in the morphology of the nymphal mouthparts, especially the shape of the mandible. The nymphal mouthparts of these genera also display several features that are believed to be more derived than those found in the Hapsiphlebia grade. The labrum is subequal or broader than the clypeus (character 1), a median setal tuft is present along the outer margin of the mandible (character 11), the prosthecal tuft is elongated (character 15), and the inner margin of segment 3 of the labial palp has small denticles rather than stout spines (character 24). However, as discussed by Dean (1987 Dean ( , 1988 Dean ( , 2000 and Dean et al. (1999) , these genera retain several ancestral character states that exclude them from other lineages, particularly the ventrally curved glossae of the labium (character 20) and the presence of denticles along the inner margin of segment 3 of the labial palp (character 24). They cannot be placed into the Penaphlebia lineage because they lack the defining pectinate setae on the second segment of the maxillary palp. Neboissophlebia, Bibulmena, Loamaggalangta and Kaninga appear to belong to lineages not previously recognised among Gondwanan Leptophlebiidae.
Garinjuga is the only known Australian genus of the Penaphlebia lineage, which also includes Penaphlebia and Massartella from South America (Pescador and Peters 1980). It was assigned to the Penaphlebia lineage by Campbell and Suter (1988) based on the possession of several derived character states, including the presence of pectinate setae on the second segment of the maxillary palp. In the present study, Garinjuga was placed as the sistergroup to a large clade comprising genera of the Nousia, Dactylophlebia and Meridialaris lineages, although bootstrap support for this relationship was poor. In the previous cladistic analysis of Christidis (2001) , Garinjuga was placed as either the sister-group to the Nousia lineage or sister to the Meridialaris lineage. However, in that analysis the Dactylophlebia lineage was not represented, and it appears that the inclusion of genera from the Dactylophlebia lineage in the present analysis may have aided in resolving the phylogenetic placement of Garinjuga (Penaphlebia lineage). The grouping of Nyungara, Nousia and Koorrnonga into a monophyletic clade was well supported and is consistent with the current placement of these genera (Pescador and Peters 1980; Dean 1987; Campbell and Suter 1988) . Derived character states given by Pescador and Peters (1980) for the lineage include the anterior margin of the nymphal labrum having a broad emargination (character 3) with prominent denticles (character 4). In the present study, a synapomorphic reduction in the number of cross veins of the hind wing (character 36) was observed in all genera and the length of the Sc vein ranged from 0.6 to 0.8 times the length of the hind wing (character 35). Relationships among Nyungara, Nousia and Koorrnonga, although resolved, were poorly supported.
As proposed by Pescador and Peters (1980) , the Dactylophlebia lineage appears to be the sister-clade to the Meridialaris lineage. Features shared by the genera of these two groups include: labrum of the nymph with narrow emargination along anterior margin (character 3) and greatly reduced denticles (character 4); ninth abdominal sternum of adult female entire or with a shallow apical cleft (character 38); and dissimilar tarsal claws in the adult (character 37). The Dactylophlebia lineage has representative genera in southern South America and New Zealand but has not been recorded in Australia.
There was strong support for the monophyly of the Meridialaris lineage, comprising Austrophlebioides, Tillyardophlebia, Kirrara, 'WT sp. 1', and 'WT sp. 2' from Australia, Meridialaris from South America and Deleatidium and Atalophlebioides from New Zealand. These genera share several derived character states, all of which have been identified previously by Pescador and Peters (1980) , as follows. In the nymph, the lateral margins of the submentum are bare or have only a few basal spines (character 21). The galea-lacinia of the maxilla is broad at the apex (character 17) and usually has more than 22 subapical pectinate setae (character 18), slightly fewer in Kirrara. The ante- Table 3 . Data matrix used in cladistic analysis rior margin of the labrum has a narrow U-or V-shaped emargination (character 3) that is hooded dorsally (character 6) in all genera except Kirrara. It appears that this emargination may have been secondarily lost in Kirrara (Campbell and Peters 1986 ). In the adult, the tarsal claws are dissimilar (character 37) and the ninth abdominal sternum of the female is entire or has a very shallow cleft (character 38), except in some species of Deleatidium that have a more pronounced cleft (Towns and Peters 1996) . Dissimilar claws are not unique to this group but appear to have evolved independently several times within the Leptophlebiidae, including Jappa, Ulmerophlebia and Neboissophlebia.
Two additional derived character states given by Pescador and Peters (1980) for the Meridialaris lineage are: (i) the outer margin of the mandible distinctly angular; and (ii) labrum with a length width ratio of 1/3 to 1/2. The outer margin of the mandible is very angular in Kirrara and Deleatidium, but is variable among the other genera. The shape of the outer margin was a difficult character to code into discrete states and was not included in this study. Similarly, labrum shape was variable within this lineage and a labrum with a length/width ratio of 1/3 to 1/2 was not unique to this group.
The two undescribed taxa, 'WT sp. 1' and 'WT sp. 2', clearly belong to the Meridialaris lineage. The nymphs of these two taxa share some similarities with those of Tillyardophlebia but the genitalia of the adult males differ in shape. The penes of the two undescribed taxa lack the diagnostic pair of ventral spines present at the base of the penes of Tillyardophlebia and are not divided but fused along most of their length. It is likely that these taxa represent two new genera.
Kirrara appeared to have a closer relationship to Deleatidium and Atalophlebioides of New Zealand than to the other Australian genera within this lineage, although support for this clade was low. The grouping of Deleatidium and Atalophlebioides is consistent with Peters (1978, 1996) suggestion that Atalophlebioides is most closely related to Deleatidium. The penes of these two genera are both fused (character 41) and have a midventral subapical appendage (character 43). The tarsal claws of the adult are dissimilar, as in other genera of the lineage; however, in Deleatidium and Atalophlebioides, the pad-like claw has a small apical hook (character 37) not found in the other genera. In the nymph, the prosthecal tuft of the mandible is greatly reduced in both genera (character 14).
Relationships among Tillyardophlebia, Austrophlebioides, Meridialaris and the clade containing Kirrara, Deleatidium and Atalophlebioides could not be resolved in the strict consensus tree. This was partly a result of homoplasy among several characters. For example, the outer incisors of the mandibles (character 9) are serrated in Deleatidium, Atalophlebioides, Kirrara, Austrophlebioides and 'WT sp. 2', but not serrated in Meridialaris, Tillyardophlebia and 'WT sp. 1'. This implies that serrations may have evolved independently on several occasions or have been secondarily lost in some genera. Likewise, the nymphs of many of the genera of the Meridiararis lineage have one or two elongated spines along the inner margin of the tarsi (character 27), exceptions being Tillyardophlebia, 'WT sp. 1' and 'WT sp. 2'. Again, these elongated spines may have evolved on more than one occasion or may have been secondarily reduced or lost. Clearly, additional data (morphological and molecular) will be required to resolve relationships within the Meridialaris lineage.
